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The effect of a frame around glass fixed windows on outdoor-indoor transmission class (OITC) was studied here. Three
frame materials were selected, i.e. timber, Aluminum and unplasticized Poly Vinyl Chloride (uPVC). The use of real open
window (to differentiate it from partially open double layered window) for natural ventilation was also studied. The top hung
style was selected due to common usage and the possibility of noise blockage by the shutter. Laboratory test complies with
ASTM E-90 was employed. The study showed that weight and density, which play significant roles in sound insulation
quality of a material was not borne out for the window frame. Here, timber as the heaviest material gave lowest OITC and
transmission loss (TL) contour. This was due to the absence of sealant and rubber strips which are unusual for timber caused
by large thermal expansion coefficient. Top hung openings of 5 and 10 showed similar transmission loss contours, but the
OITC of the 5 open window was slightly higher than the 10.
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1. INTRODUCTION
Buildings reside in the tropics experience excessive
solar radiation throughout the years. Here, the use of
lightweight materials and openings to maintain the indoor
comfort of naturally ventilated buildings is common.
Even for air conditioned buildings, the needs to
sometimes open the windows for fresh air is not
avoidable. With the increase of environmental noise,
traffic noise, in particular, the use of a ‘real’ open window
for natural ventilation is impractical. The term of a real
open window is applied here to separate it from a partially
open double layered window.
When compared to heavy and high-density materials,
the use of lightweight or breathable materials reduces
sound insulation quality1-3. Sound transmission class
(STC) and outdoor–indoor transmission class (OITC)
of thin and transparent materials are lower than thick
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and opaque materials4-6. The use of a real open window
allows noise intrusion into living spaces even worse.
However, since an open window is common and
significant for natural ventilation, information on the
sound insulation quality of a real open window is
important for users to consider a better application.
Here the term of a real open window is applied since
there were studies of sound insulation of non-real open
windows7-9. Buratti7,8 focused more on the use of various
ceilings to support the work of an open window. Ford and
Kerry9 studied a partially open double glazing window
which is inadequate for naturally ventilated building in
the tropics10.
Besides the critical issue of noise transmission by an
open window, usage of various material for window
frame was also raised. Typical frame materials in
Indonesia are timber and later, Aluminum (Al). A good
quality timber such as teak (Tectona grandis) is preferred,
but this is not widely utilized due to its price. Today,
rather than using low-quality timber, Indonesians tend to
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use Aluminum for window and door frames. The
aluminum frame is also available in various brands and
quality. After the trend of Aluminum frame, recently,
some buildings in Indonesia begin to use unplasticized
Poly Vinyl Chloride (uPVC) frame. It was triggered by a
promotion uPVC gives more benefits than the earlier
frame materials.The high price is still an obstacle in using
a uPVC frame. When using Aluminum or uPVC, sealant
and rubber strips are applied, but not in the case of timber.
The absence of sealant on timber is due to high
coefficient thermal expansion11. For frame made from
good quality wood such as teak which the thermal
expansion coefficient is lower than low-quality wood, the
sealant may be applied, but it remains unusual.
2. METHODS
Examinations of fixed glass windows with three
frame materials and open windows with different degree
of openings were conducted in accordance with the
following method.
• Selection of frame materials was conducted based on
typical frame materials used in Indonesia, i.e. timber
and Aluminum (Al). It was added by unplasticized
Poly Vinyl Chloride (uPVC) frame as the latest frame
material in buildings in Indonesia.
• The open window was selected with consideration of
window types that may partially block outdoor noise.
The most common window types are casement, top
hung, and louver. A top hung window was selected
since the shutter is positioned perpendicular to the
sound source. It was predicted to be a good blockage.
• Glass type and opening dimension on the tested wall
were determined as fixed variables. It based on earlier
studies where thickness and dimension played
important roles in the decrease or increase of OITC.
Thicker glass owns higher OITC than thinner ones12.
Larger glass dimension decreases OITC than smaller
ones12. A fixed glass thickness of 5 mm and an opening
on the wall of 800 mm x 1200 mm were determined
(Fig.1,2,3).
• A testing method conforming to ASTM E90-0913 was
employed here and a specific condition based on
Annex. 3, i.e. the use of a composite wall system was
Fig 1. Front view of composite wall specimen.
employed. This method corresponds to the typical
window in Indonesia. It is mostly a combination of
opaque and transparent walls. The opaque wall is
constructed of lightweight bricks for multistory
buildings or red bricks for domestic or single story
buildings.
Reverberation chambers conforming to ASTM E90-
0913 were utilized to conduct the test, with room layout
as in Fig. 7 and 8. The temperature and relative
humidity (RH) during the testing period were 25º -
26ºC and 80% - 90%.
• In the composite wall system, a filler wall was
developed. It was suggested to use filler wall with
OITC of roughly 15 above the predicted OITC of the
tested specimen. In this case, lightweight bricks
plastered one side with a total thickness of 113 mm
were used (Fig.1, and Fig. 2). The filler wall was
tested prior to specimen installation, which gave STC
37 and OITC 34. For a reference, an open window
gave STC 1014. This study used reference of STC due
to unavailability of reference of OITC.
• Bruel & Kjaer 2-channel building acoustics system
consisting of power amplifier type 2734 and 4292
omnidirectional loudspeakers as sound sources, 2
pieces of type 4189 omnidirectional microphones as
sound sensors, and 2-channel handheld analyzer type
2270 as the main instrument data processor were
employed.The microphones were calibrated using type
4231 before the testing stage.
• At first, the test was conducted for fixed glass
windows with three different frame materials, then for
open top hung windows also with three different frame
materials. The opening of the shutter was tested for
three angles, i.e. 0 (closed), 5, and 10. Ten degrees
of an opening were considered as the maximum
effective for top hung type so as not to obstruct
corridor way and for safety reason.
Fig. 2. Front view of composite wall specimen.
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Table.1. Specimen specification
No. FrameMaterial Window specification
Frame +
glass weight
(kg)
1 Timber
(Camphor
wood)
The dimension including frame was
800 mm x1200 mm, the dimension of
frame only section was 50 mm x 100
mm (fixed window) and 110 mm x
100 mm (open window), with Asahi’s
monolithic  glass of 5mm thickness
(Fig. 4).
Fixed
window 21.5
Open window
26.5
2 Alumi-
num
(YKK
brand)
The dimension including frame was
800 mm x1200 mm, the dimension of
frame only section was 44.5 mm x
101.6 mm (fixed window) and 74.5
mm x 101.6 mm (open window), with
Asahi’s monolithic  glass of 5mm
thickness (Fig.5).
Fixed
window 10.5
Open window
14.0
3 uPVC
(Terry-
ham
Proplas
brand)
The dimension including frame was
800 mm x1200 mm, the dimension of
frame only section was 60 mm x 60
mm (fixed window) and 80 mm x
950 mm (open window), with Asahi’s
monolithic  glass of 5mm thickness
(Fig. 6).
Fixed
window 14.5
Open window
21.0
Fig 3. Schematic A-A’ sections of the wall and the
window. The details depend on whether fixed or open and
frame materials.
Fig. 4. Detailed section of the timber frame of fixed (left)
and open (right).
Fig.5. Detailed section of the Aluminum frame of fixed
(left) and open (right).
Fig.6. Detailed section of the uPVC frame of fixed (left)
and open (right).
3. FINDING AND DISCUSSION
Earlier studies which suggested light materials or
open features on wall dropped the sound insulation
quality of the wall4-6 was strengthened in this study. Fig 9,
10 and Table 2 show that TL contour and OITC of fixed
windows and open windows were significantly lower than
the filler wall. Weight and density of material played
significant roles in providing good sound insulation6. A
heavy and high-density material gave better sound
insulation6. However, seemed it was not the case here.
Camphor wood used in this study was heavier  than  the
uPVC, but the  TL  contour  and  single  number of OITC
gave  lower  value  than  the  uPVC. The  camphor  wood
Fig 7. Plan of the testing rooms and the equipment layout.
Fig 8. A-A’ section of the testing rooms.
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frame gave even lower TL contour compared to the
Aluminum frame which was very lightweight. Learning
from Fig. 4, 5, and 6, we consider the low OITC and TL
contour were due to the absence of sealant and rubber
strips on the timber. By Fig. 6 in particular, we clearly
notice the uPVC frame had many rubber strips and
sealant. These two features were significant in blocking
the sound pathways.
For an open timber window, the existence of a gap
between layers reduced the material capability to insulate
sound significantly, even when the openable window was
closed (Fig. 9). The OITC and TL contour of the fixed
timber window, even lower than the open window of 0
(closed shutter) of Aluminum and uPVC frames.
When the open window was realy open with the
degree of opening 5 and 10, the TL contour dropped
even more significant. Fig. 10 and Table 2 show very low
TL contours and very low OITC of the open windows of
all frames. In general, the timber frame windows gave
lowest TL contour and lowest OITC compared to the
others within fixed and open 0 types. In the timber frame
windows, significant gaps were existed to accommodate
thermal expansion. Also, for an open timber frame
window, a wide gap between frame and shutter is typical
for ease of use. A gap between materials did not exist
when using Aluminum and uPVC. These materials have
low coefficient of thermal expansions15 so the frame and
the shutter can be installed very close each other. It was
even better in uPVC as rubber strips are also attached
between layers.
Table.2. Transmission Loss (dB) and OITC
Freq A B C D E F G H I J K L M
80 41 28 29 33 24 31 31 18 2
1
1
9
15 15 18
100 37 28 28 28 25 29 29 18
9
1
8
17 17 16
125 31 19 20 19 15 21 21 10 1
1
9 9 9 9
160 34 22 18 21 13 22 21 5 7 6 5 5 4
200 29 19 19 20 16 19 20 6 7 7 4 4 4
250 30 19 20 21 16 20 21 7 9 8 4 5 5
315 29 20 21 22 17 21 22 7 8 9 4 6 6
400 28 20 20 21 16 21 22 7 8 7 5 5 3
500 32 22 23 23 18 23 23 6 7 6 4 4 3
630 36 25 27 27 19 26 27 6 6 6 4 4 4
800 38 27 28 29 20 28 29 6 6 5 5 4 4
1000 41 28 30 31 20 29 31 6 6 5 5 5 4
1250 44 27 31 33 21 32 34 6 6 6 6 5 4
1600 47 28 31 35 22 33 35 7 6 6 6 4 4
2000 49 27 29 32 22 31 33 7 6 6 6 4 5
2500 51 23 26 29 19 28 31 7 7 8 6 5 6
3150 53 22 22 27 16 26 31 8 8 1
0
6 6 7
4000 55 25 26 29 15 27 33 8 9 1
1
6 6 6
OITC 34 23 24 25 18 24 25 7 7 7 5 5 5
* Legend of Table 2: A is the filler wall (lightweight bricks plastered
toward source room with a total thickness 113 mm), B is the fixed
window with timber frame, C is the fixed window with Aluminum
frame, D is the fixed window with uPVC frame, E is the open window
with timber frame with closed shutter (0), F is the open window with
Aluminum frame with closed shutter (0), G is the open window with
uPVC frame with closed shutter (0), H is the 5 open window with
timber frame, I is the 5 open window with Aluminum frame, J is the
5 open window with uPVC frame, K is the 10 open window with
timber frame, L is the 10 open window with Aluminum frame, and M
is the 10 open window with uPVC frame.
The OITCs were calculated from the TL of 1/3 octave band frequency
according to ASTM E1332-9016.
Fig. 9. Transmission loss of the filler wall, the fixed
windows and the 0open windows (closed shutter).
Fig. 10. Transmission loss of the filler wall and the 5 and
10 open windows.
4. CONCLUSIONS
This study concludes the timber frame used for fixed
glass window gave similarly but slightly lower TL
contour than the contour of Aluminum and uPVC. The
similar contours mean the materials have similar critical
frequencies. It also means the absence of sealant and
rubber strips had a small impact on the TL contour and
OITC here. Nevertheless, when the timber frame was
installed for a top hung open window, even with closed
shutter, the window gave a significantly lower TL contour
and OITC. The TL contour and OITC of the fixed timber
frame even lower than the open Aluminum and uPVC
frames with closed shutters. Here, material weight did not
play a role on sound insulation, all depended on the gaps
filler which was sealant and rubber strips. The open top
hung window with a smaller opening degree of 5 gave
slightly higher TL contour and OITC value than the 10
opening.
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